This investigation was carried out during the two summer seasons of 2016 and 2017 at Rice Research Department, Experimental Farm, Sakh, Kafrelsheikh Governorate, Egypt. The purpose was to study the response of Sakha 107 rice cultivar to irrigation intervals and Silicon sources under broadcast-seeded method. A strip-plot design with four replications, was used. The horizontal ports were devoted to the four irrigation interval, i.e. continuous flooding, irrigation every 6 days, irrigation every 9 days and irrigation every 12 days.. While, the different silicon sources; namely, potassium silicate, magnesium silicate and silica gel, as well as, the check treatment (without silicon application) were assigned in the vertical plots. The results cleared that, both continuous flooding and irrigation every 6 days gave the maximum values for number of tillers/m 2 , chlorophyll content, number of panicles/m 2 number of grains/panicle, 1000-grain weight and grain yield, as well as, hulling and milling percentages without any significant differences during both seasons. However, the maximum significant values of flag leaf area, filled grains percentage, straw yield and head rice percentage were recorded with continuous flooding and significantly decreased with increasing irrigation intervals. The highest values of water use efficiency were obtained by 6 days interval. On the other side, irrigation every 12 days gave the lowest values of the studied mentioned traits, as well as, the longest vegetative growth period. Potassium silicate gave the highest values of plant height, number of panicles/m 2 , number of grains/panicles filled grains parentage and 1000-grain weight, as well as, grain yield and milling percentage. While, the largest area of flag leaf and the highest percentages of hulling and head rice were obtained by either potassium silicate or magnesium silicate, which recorded the highest chlorophyll content in flag leaves comparing to check treatment. Thus, irrigation every 6 days could be the adequate water regime and potassium silicate as source of silicon could be mitigate the harmful effects of water shortage, improve grain yield and water use efficiency for Sakha 107 rice cultivar under broadcast-seeding method.
INTRODUCTION
Rice is a vital food crop for more than half of the world's population. The majority of rice eco-types are semi-aquatic crop adapted to saturated soil conditions (Champoux et al., 1995) .
In Egypt, irrigation water considers one of the most important factors limiting the development of agriculture. Furthermore, rice is one of the major water consuming crops and continuous flooding is the only irrigation regime. Irrigation water shortage during critical growth stages of rice are considered one of the most serious constants to rice production (Shehate, 2004 and Abd Allah et al., 2010) .
Water deficit stress increase stomata resistance, leaf hydrogen peroxide and proline concentrations, as well as, leaf lipid peroxidation in rice. However, Silicon fertilization improve these factors and alleviated membrane damage due to increasing the content of relative water in leaves. Silicon as an anti-stress agent can reduce cuticle transpiration and increase water use efficiency (Mauad et al., 2016) . Guimaraes et al. (2016) , mentioned that, the genotypes that exhibit less dense panicles, low sterility and greater 1000-grain weight under water stress should be prioritized, also, Sheng et al. (2005) , found that, drought stress at tillering stage could enhance water use efficiency (WUE) of rice plant significantly during and treatment.
Low silicon content was reported to be associated with the old soils. In addition, it is common to find depletion of plant available silicon in soils where rice is cultivated for a long time Agostinho et al. (2017) .
Effects of silicon on rice grain yield are related to the deposition of the element under the leaf epidermis of defense, reduces lodging increases photosynthesis capacity and decreases transpiration losses, so, silicon can be increase the tolerance of cereal crops, especially rice to both biotic and a biotic stress (Ahmad et al., 2013) .
The current study aimed to investigate the effect of different irrigation intervals and the silicon sources on the productivity of Sakha 107 rice cultivar under broadcasting method.
MATERIALS AND METHODS
Four irrigation intervals (continuous, flooding, irrigation every 6 days, irrigation every 9 days and irrigation every 12 days) and silicon sources; i.e, control (Without silicon application), potassium silicate, magnesium silicate and silica gel were used to evaluate Sakha 107 rice cultivar under broadcasting method.
Two filed experiments were conducted at the experimental farm of Rice Research and Training Center (RRTC), Sakha, Kafrelsheikh Governorate, Egypt, during the two successive Summer seasons of 2016 and 2017. Wheat was the previous winter crop in both first and second seasons. Soil physical and chemical analysis of the experimental sites, according to Piper (1950) and Black et al. (1965) in 2016 and 2017 seasons are presented in Table 1 . Strip-plot design, with four replications, was used. Irrigation treatments were randomly arranged in the horizontal plots, while the vertical plots were assigned to the three tested silicon sources, as well as, check treatment (without silicon application). Sowing date was 13 th and 18 th may during 2016 and 2017 seasons, respectively.
Potassium silicate and magnesium silicate were applied with foliar spraying at the concentration of 0.2% at two times 20 and 40 days after sowing while silica gel was added at the rate of 50kg/ha basally. Irrigation regimes was applied at 3 weeks after sowing. The other cultural practices for inbred rice cultivation under broadcast planting method were applied, according to Rice Research and Training Center recommendation.
Data of days to 50% heading, plant height (cm), number of tillers and panicles/m 2 , flag leaf chlorophyll content (SPAD value), flag leaf area (cm 2 ), total number of grains/panicle, fertility percentage, 1000-grain weight (g), grain yield (t/ha.), straw yield (t/ha.) and harvest index, as well as, hulling, milling and head rice percentages were recorded, according to IRRI (1996) . Total water applied in each irrigation treatment block was recorded by a calibrated water meter with water Pump, then, water saving and water use efficiency were calculated, according to Michael (1978) . Moreover, the total water for main plot was used to estimate the water using efficiency for the sub-plot.
Analysis of variances for collected data were done, using IRRISTAT computer program, according to procedures of Gomez and Gomez (1984) and differences among treatment means were compared, using the revised L.S.D. at 5% probability level of significant, adapted by Duncan (1955) .
RESULTS AND DISSCUSSION

I. Growth Parameters:
It could be easily observed from data illustrated in Table 2 that either continuous flooding or irrigation every 6 days recorded the maximum number of tillers/m 2 , the largest area of flag leaf and the highest values of flag leaf chlorophyll content without any significant difference between them, expect flag leaf area. On the either side these traits were significantly decreased due to increasing irrigation interval up to 12 days. In addition, the shortest period from sowing up to heading of 50% of plants was recorded with continuous flooding and significantly increased with increasing irrigation intervals. However plant height was significantly decreased by increasing irrigation intervals. These results might be due to the wet and dry cycles enhances air exchange between soil and the atmosphere and may have contributed to more tillers number under both 3 and 6 days irrigation intervals (Singh et al., 2013) . In addition water shortage might be affected the root size, elongation and the division of cells which intern reduced plant height and delayed heading. These data go in line with those reported by Pascual and Wang (2016) and Zayed et al. (2017) .
Potassium silicate gave the tallest plants, maximum number of tillers/m2 and shortest days to heading, while, magnesium silicate recorded the highest values of flag leaf chlorophyll content. The largest area of flag leaf was obtained by potassium silicate. Furthermore, either potassium silicate or magnesium silicate gave the largest flag leave area without significant difference between them in the second season.
The differences of silicon sources on number of tillers/m 2 were insignificant during the both seasons. In general, the lowest values of plant height, number of tillers/m 2 , flag leaf area and flag leaf chlorophyll content, as well as, the longest growth period were obtained by control treatment (without silicon application). However, silica gel treatment recorded intermediate values. Yoshid et al. (1969) mentioned that the deposition of silicon in cell wall can increase rice plant height by making rice leaves and stems become more erect which decrease mutual shading, thereby increasing photosynthetic rate of the plant due to better high interception and improving vegetative growth. These findings are in harmony with those observed by Ranganathan et al. (2006) , Ghanbari (2011) and Pati et al. (2016) .
Plant height, flag leaf area and flag leaf chlorophyll content were significantly affected by the interaction between irrigation intervals and silicon sources, while, number of tillers/m 2 and days to heading were does not affected by the interaction (Table, 2 ). The tallest plants and largest area of flag leaf were detected with continuous flooding or irrigation every 6 days when potassium silicate was applied. On the other hand, the shortest plants and narrowest area of flag leaf in both seasons were obtained by irrigation every 12 days without silicon application (Tables 3 and 4) . Table 5 revealed that, the highest values of flag leaf chlorophyll content in both first and second seasons were obtained by either continuous flooding or irrigation every 6 days with magnesium silicate, that referred to the important role for magnesium element in the chloroplast structure. Means not sharing the same letter(s) significantly differ using DMRT. Means not sharing the same letter(s) significantly differ using DMRT. Means not sharing the same letter(s) significantly differ using DMRT.
II. Grain yield Components:
It is clear from data tabulated in Table 6 that, both continuous flooding and irrigation every 6 days treatments gave the maximum significant for number of panicles/m 2 and grains/panicle, as well as, the heaviest 1000-grain weight without significant differences between them dissentingly followed by irrigation every 9 and 12 days. In addition, continuous flooding recorded the maximum percentage of filled grains, then, significantly decreased by increasing irrigation intervals up to 12 days.
These findings might be due to water availability with continuous flooding and irrigation every 6 days treatments during crop growth stages which increased dry matter production and grain filling rate (Kamoshita et al., 2008) . Such results had, also, been pointed out by several researchers, such as Gaballah (2009) and El-Degwy and El-Banna (2010) .
It was clear from Table 6 that potassium silicate gave the maximum significant number of panicles/m 2 and number of total grains/panicle followed by either magnesium silicate or silica gel without any significant differences. Moreover, the maximum significant values of filled grains percentage and 1000-grain weight were recorded with potassium silicate, dissentingly followed by magnesium silicate and silica gel. On contrast, the lowest values of these characters were obtained by control (without silicon application) during the both seasons. This enhancement of yield components by the application of potassium silicate might be due to the effectiveness of silicon in promoting the assimilation of carbohydrates in rice panicles, which leads to improved grain filling rate (Jawahar et al., 2015) . Similar findings were, also, obtained by Arab et al. (2011) Gholami and Falah (2013) and Dallagnol et al. (2014) .
At the same irrigation treatment and potassium silicate gave the highest values of filled grains percentage and 1000-grain weight during both seasons, while, the lowest values were recorded without silicon applied (control treatment) (Tables 7 and 8 ). On the other side, the interaction between irrigation intervals and silicon sources failed to exert any significant effect on both number of panicles/m 2 and number of grains/panicle (Table 6 ). Means not sharing the same letter(s) significantly differ using DMRT. Means not sharing the same letter(s) significantly differ using DMRT.
III. Grain yield, straw yield and harvest index:
Data in Table 9 showed that the maximum values of grain yield, straw yield and harvest index during both seasons were obtained by continuous flooding and irrigation every 6 days and the differences were insignificant except for straw yield in the second season. The lowest values in this regard were given by irrigation every 12 days treatment, moreover, the same trained for grain yield was found, that may be the soil fertility was similar in the two seasons, as shown in Table 1 .
These results suggest that, rice does not need to be continuously submerged to produce high grain yield if the adequate water is provided at critical growth stages (Kima et al., 2014) . Such findings were, also, reported by ElRefaee et al. (2005) , Sadeghi and Danesh (2011) and Sultan et al. (2013) .
Data in Table 9 , also, indicated that, potassium silicate gave the maximum significant values for grain and straw yields, as will as, harvest index as compared with control (without silicon application) which recorded the lowest values for the studied characters. However, magnesium silicate and silica gel recorded intermediate values. This positive response of grain yield to silicon application might be due to an enhanced growth, yield components, nutrients uptake by rice plants and improved pollen viability and photosynthetic activity (Cuong et al., 2017) . In addition, potassium silicate as, also, source of potassium which has an important role in increasing photosynthesis rate and increase stored carbohydrates and grain filling (Szczerba et al., 2009) . Such positive effects of silicon application in improving rice grain yield were, also, obtained by Hakim et al. (2012) and Manal Emam et al. (2014) . Means not sharing the same letter(s) significantly differ using DMRT. * = Significant at 0.05 level, ** = Significant at 0.01 level and NS = Not significant.
The maximum grain yield in both seasons was recorded by potassium silicate with either continuous flooding or irrigation every 6 days. On contrary the lowest grain yield was recorded by irrigation every 12 days without silicon application (control) (Table 10). Means not sharing the same letter(s) significantly differ using DMRT. The interaction had no significant effect on neither straw yield nor harvest index in both seasons (Table 9) .
IV: Some of grain quality characters:
Either continuous flooding or irrigation every 6 days gave the highest significant percentages of hulling and milling. In addition, the maximum significant percentage of head rice was obtained by continuous flooding alone. On the contrary, the lowest percentages in this respect were obtained with 12 days irrigation interval (Table, 11 ). The obtained results are in agreement with those of Lee et al. (1996) and Kumawat et al. (2017) . Data of both seasons in Table 11 , also, showed that potassium silicate treatment gave the highest significant percentages of hulling, milling and head rice. Interestingly, the differences between potassium and magnesium silicate were not significant in hulling and head rice percentages. On the other hand, control treatment (without silicon application) gave the lowest values in this regard. imilar results were reported by Seebold et al. (2000) .
Concerning the effect of the interaction between irrigation intervals and silicon sources on milling percentage. Data in Table 12 clarified that, during both investigated seasons, at the same silicon source either continuous flooding or irrigation every 6 days gave the highest significant percentage of milling without any significant differences. Moreover, under the same irrigation treatment, potassium silicate recorded the maximum milling percentage. The interaction had a significant effect on head rice percentage only in the second season (Table 11 ). Continuous flooding with potassium silicate gave the maximum percentage of head rice, while, the minimum percentage was obtained by 12 days irrigation interval with control (without silicon addition) (Table 13) . Means not sharing the same letter(s) significantly differ using DMRT. Means not sharing the same letter(s) significantly differ using DMRT.
V. Water relations:
It is obvious from Table 14 that, total applied water was decreased with increasing irrigation intervals up to 12 days. Irrigation every 6 days recorded the highest water use efficiency dissendingly followed by irrigation every 9 days and continuous flooding, while, the lowest efficiency use of water was obtained by 12 days irrigation treatment. Irrigation every 12 days save more amount of irrigation water, but, yield reduction increased to the highest level. Furthermore, the irrigation interval at (6 days) gave the lowest reduction percentage of grain yield and save a suitable amount of irrigation water.
In the similar results obtained by Eliba (2017) , found that, the highest values of water use efficiency wee produced by using irrigation every 4 days in the two seasons, while the lowest mean values were obtained by using irrigation every to days respectively. So 6 days irrigation interval could be the optimum treatment for achieving the high water use efficiency and saving moderate amount of irrigation water with minimizing the reduction of grain yield. Such findings were found by Ashouri (2014) .
Potassium silicate with irrigation at 6 or 9 days gave the maximum water use efficiency (Table 15) , while, the lowest values were obtained by the control (without silicon application) with irrigation every 12 days. 
